Aims. To estimate the prevalence of blindness in the Republic of Ireland and the associated financial and total economic cost between 2010 and 2020. Methods. Estimates for the prevalence of blindness in the Republic of Ireland were based on blindness registration data from the National Council for the Blind of Ireland. Estimates for the financial and total economic cost of blindness were based on the sum of direct and indirect healthcare and nonhealthcare costs. Results. We estimate that there were 12,995 blind individuals in Ireland in 2010 and in 2020 there will be 17,997. We estimate that the financial and total economic costs of blindness in the Republic of Ireland in 2010 were €276.6 million and €809 million, respectively, and will increase in 2020 to €367 million and €1.1 billion, respectively. Conclusions. Here, ninety-eight percent of the cost of blindness is borne by the Departments of Social Protection and Finance and not by the Department of Health as might initially be expected. Cost of illness studies should play a role in public policy making as they help to quantify the indirect or "hidden" costs of disability and so help to reveal the true cost of illness.
Introduction
The World Health Organization predicts that by 2020 there will be seventy-six million blind people worldwide. The Vision 2020 Global Initiative aims to eliminate the main causes of avoidable blindness by the year 2020 by facilitating the planning, development, and implementation of sustainable national eye care programmes. If this initiative is successfully implemented, it is estimated that the number of blind individuals globally will fall to 24 million by 2020 [1] .
Visual impairment may be broadly defined as a limitation in one or more functions of the eye and/or visual system. It has a major impact on the daily lives of those affected as well as considerable economic effects on these individuals, their families, support agencies, society, and the state.
Currently, the main causes of blindness in Ireland are age related macular degeneration, glaucoma, cataract, retinitis pigmentosa, and diabetic retinopathy [2] . The numbers of those registered as blind in the Republic of Ireland between 2007 and 2008 due to these five main causes are given in Table 1 .
It has already been estimated that the direct healthcare cost of visual impairment to the Republic of Ireland was €2.143 billion in 2010 and could rise to €2.673 billion by 2020 [3] . In arriving at this estimate, all degrees of visual impairment, that is, mild visual impairment in which best corrected visual acuity <6/12 but >6/18 and moderate visual impairment in which best corrected visual acuity <6/18 but >6/60 as well as blindness in which best corrected visual acuity <6/60, were considered and the costs due to each "category" of visual impairment were not elaborated.
The aim of this study is to estimate the prevalence of blindness in the Republic of Ireland and estimate the financial and total economic cost that relates to blindness alone between 2010 and 2020. In this study, blindness is defined as having either a visual acuity of 6/60 or less in the better eye and/or a visual field restricted to twenty degrees or less.
The financial cost of blindness includes direct and indirect healthcare costs. The direct costs of blindness are those incurred within the healthcare system by the government and/or other payers as a result of treating blindness. Retinitis pigmentosa Diabetic retinopathy Total registered  45-54  12  21  26  105  36  766  55-64  38  29  38  116  55  886  65-74  138  66  35  69  82  985  75-84  745  142  41  58  80  1952  85+  1311  276  63  22  36  2955  Total registered  2244  534  203  370  289  7544 A significant proportion relates to expenditure on healthcare service utilisation, the provision of equipment, drug costs, and the cost of procedures. The cost of the increased incidence of depression [4, 5] and the occurrence of injurious falls [6] in those who are blind have been found to contribute significantly to the indirect healthcare costs of blindness and so are also addressed here.
The direct nonhealthcare costs of blindness reflect the economic impacts of this condition outside of the healthcare system, on wider society. These include productivity losses from lost earnings produced by an inability to work due to blindness or lower employment for the same reason and the cost of the provision of informal care. Deadweight welfare losses are losses associated with having to raise additional tax revenue to publicly fund both healthcare services and welfare payments to the blind and the taxation revenue that is lost as a result of blindness form the indirect nonhealthcare costs of blindness.
The actual financial costs described above and an economic valuation of the "burden of disease" together define the total economic cost of blindness. The burden of disease is quantified using the economic value of disability adjusted life years, DALYs, which include healthy years of life lost due to disability and life lost due to premature death associated with blindness.
Methods

Prevalence of Blindness.
In the Republic of Ireland, the National Council for the Blind of Ireland (NCBI) maintains a national register of "blind" people. To be eligible for registration, an individual must be identified by an ophthalmologist to have a visual acuity of 6/60 or less from their better eye on a Snellen chart and/or a binocular visual field restricted to 20 degrees or less. Registration is not mandatory and there is a history of underregistration. Kelliher et al. in 2006 found this to be 21.3% [7] . Thus, the total number of blind individuals registered with NCBI is multiplied by 1.271 (1/1 − 0.213) to adjust for underregistration.
Direct and Indirect Healthcare
Costs. The direct costs of visual impairment and blindness in the Republic of Ireland have previously been calculated by Deloitte Access Economics (DAE) [3] . It was estimated that in 2010 the total direct costs (hospital, prescription, general ophthalmic services, and capital and noncapital expenditure costs) of treating visual impairment as a whole were €116,754,168. This was projected to increase to €127.4 million in 2015 and reach €136.8 million in 2020. The proportion of these costs that could be attributed specifically to blindness was not analysed.
DAE carried out a similar cost of illness study in Australia [8] and found that only 1.7% of direct costs resulting from all degrees of visual impairment were due to blindness. This paper assumes that the direct costs of the different degrees of visual impairment in the Republic of Ireland is the same as that of Australia. Therefore, the direct cost of blindness will be 1.7% of the total direct cost of all degrees of visual impairment as already outlined by DAE.
Depression has been found to be more prevalent in the visually impaired population than the non-visually impaired population [4, 5, [9] [10] [11] [12] [13] , 32.5% in the former compared to 16.5% in the latter [4] . It is assumed that the rate of depression in blind individuals is equal to the rate of depression in those with mild and moderate visual impairment. Thus, the excess prevalence of depression in the blind population is 16.5%. $610.10, the cost of treating depression, is taken from an American study [14] and adjusted using purchasing power parity and inflation to 2010 euro value. This cost multiplied by the excess prevalence of depression in the blind that is 16.5% is the excess cost of depression in the blind population.
The prevalence of injurious falls is higher in those with visual impairment when compared to those without visual impairment [6, [15] [16] [17] [18] [19] . The total cost of injurious falls of those aged over 65 in the Republic of Ireland in 2008 was estimated to be €377.27 million [16] . As they are addressed later in this study, and to avoid the possibility of double counting, the cost of carers (€15.8 million), the cost of reduced quality of life (€53.65 million), and the cost of mortality (€135 million) associated with falls are omitted here. After these costs have been excluded, the cost of injurious falls is estimated to be €172.78 million.
According to Scuffham et al., the falls of the visually impaired account for 21% of the cost of all injurious falls [6] . However, falls caused directly by visual impairment account for 10% of the cost of falls [6] . This 10% of the cost of injurious falls represents the falls of all those visually impaired. It is assumed that the cost of falls in blind individuals is equal to the cost of falls in those with mild and moderate visual impairment. Therefore, blindness accounts for 5.78%, 6.19%, and 6.62% (the prevalence of blindness in the Republic of Ireland/the prevalence of all degrees of visual impairment in the Republic of Ireland) of the cost of falls attributable to visual impairment in the Republic of Ireland that is 10% of the total cost of injurious falls for the years 2010, 2015, and 2020 respectively.
Direct and Indirect Nonhealthcare Costs.
Blind people are less likely to be employed compared to people with no visual impairment. Further, blind people who are employed may be less productive as a result of their disability. Productivity losses due to visual impairment will depend on the age of the person when blindness first occurs. In general, the younger the blind person the greater the impact of their sight loss on productivity [20] .
Frick and Foster assumed that the proportion of productivity lost is equal to the DALY weight for blindness which is 0.600 [1] believing that although the relationship between the DALY and productivity may not be linear the use of this figure leads to a conservative estimate of the productivity losses associated with blindness.
Although Frick and Foster used the age group 15-64 in their calculations, this is altered to include only those aged 18-64 years as this likely provides a more accurate reflection of the true productivity losses in the Republic of Ireland. An equal distribution of blind individuals for the years 15, 16, 17, 18, and 19 is assumed. The sum of those aged 18 and 19 years who are blind in the Republic of Ireland that is 107 is used to calculate productivity losses instead of the total number of blind individuals between the ages of 15 and 19.
Not all of those within the cohort of 18-64 years old that are available to work choose to participate in the workforce. This may be due to the individual being unable to seek work, being unable to gain employment, or choosing not to work, due to a partner's ability to support them, for example, or because the incentive to work is not high enough. This is known as the "employment-to-population ratio." The total number of blind individuals in the age bracket of 18-64 years is multiplied by this employment-to-population ratio to estimate the number of blind people that would participate in the workforce were they not visually impaired. This employment-to-population ratio is estimated for the general population. It is assumed that the blind cohort would have similar employment characteristics to the general public were they not blind. The employment-to-population ratio was 60.4% in 2010 according to the Central Statistics Office. The average annual earnings in 2010 (€35,905) will be used to calculate the productivity losses associated with blindness for the year 2010 and also 2015 and 2020.
There is no Republic of Ireland specific data to estimate the number of informal care hours provided to the blind and so data on the informal care hours provided by those aged over 15 years in the Republic of Ireland for all conditions is considered [3] . This information, given in Table 2 , shows that, for a range of conditions, 58% of informal carers provide between 1 and 14 hours of informal care per week, 11% provide 15-28 hours of informal care per week, and so forth. This report assumes that the informal care provided to blind people is the same as the informal care provided for other conditions. The lowest number in each hours per week category is used. Therefore, it is assumed that 58% of blind people receive one hour, 11% receive 15 hours, 6% receive 19 hours, and 25% receive 43 hours of informal care per week.
To calculate the economic cost to society of the provision of informal care, Deloitte Access Economics used the methodology of van den Berg et al. [21] and used the average The public funding of healthcare, welfare payments to the blind, and taxation revenue which is lost as a result of blindness mean that the government must increase tax revenue to reach a budget neutral position. Consequently, tax rates may be higher than they otherwise would have been. An increase in taxes on goods and services results in a loss of market efficiency. Consequently, there is an associated reduction in consumer and producer surplus which is termed the deadweight welfare loss, or excess burden of tax.
Deadweight welfare loss refers to the cost of lost efficiency due to (a) the need to raise additional taxation to provide health care resources for the management of blindness; (b) the need to raise additional taxation to provide social welfare payments to the blind; (c) lost taxation revenue to the government due to unemployment, lower employment, and lower expenditure amongst those that are blind.
This study estimated the deadweight welfare loss associated with blindness using the same methods as those adopted by DAE [3] .
The Burden of Disease.
DALYs are a nonfinancial approach to measuring the loss of well-being and premature mortality caused by illness or disease [18] . The DALY value for a blind individual is 0.6 which estimates that blind people experience a 60% lower quality of life than a healthy individual. In their estimate of the cost of disease burden due to visual impairment in the Republic of Ireland, DAE estimated the DALYs lost for those with mild and moderate visual impairment as well as for blind individuals and applied the monetary value of a statistical life year to convert these into a financial cost [3] . The number of DALYs lost due to blindness alone in the Republic of Ireland in 2010 was estimated to be 5,588 and is estimated to increase to 7,739 years in 2020. Largely due to the paucity of particularly Irish data, there is an unavoidable degree of uncertainty surrounding the cost of blindness in the Republic of Ireland and so a sensitivity analysis is conducted around each point estimate with a ±20% variation used on most cost components. This is in keeping with the guidelines for budget impact analysis of health technologies in Ireland [3] . The exception to this is informal care costs, where the €8.65 (minimum hourly wage in 2010; lower estimate) and €21.79 (average hourly wage in 2010; higher estimate) costs per hour of informal care provided were used as we believe that these values better predict the monetary value of informal care provided. Internationally, deadweight welfare losses are estimated to be in the range of 9, 16, and 50 cents (9%, 16%, and 50%, resp.) for every additional tax euro raised by the government. The effect of reducing the deadweight welfare loss parameter estimate to the lower bound of 9% was also examined as described by Roberts et al. in 2010 [22] .
Results
As Table 3 shows, the prevalence of blindness in the Republic of Ireland in 2010 is estimated at 12,955. This figure is anticipated to increase to 17,997 by 2020. The direct, indirect, and burden of disease costs are detailed in Table 4 . The value within the brackets indicates the average cost per blind individual per year. Sensitivity analysis is presented in Table 5 . All costs are based on 2010 costs.
Discussion
In the Republic of Ireland, the prevalence of blindness in 2003 was estimated to be 227 cases per 100,000 adults based on NCBI register data. However, it is noted that data obtained specifically from national registers of blindness can significantly underestimate the true national prevalence of both visual impairment and blindness [7, 23, 24] . Previous UK studies have found 45-60% nonregistration rates among those eligible for partial sight or blindness registration [23, 24] . In particular, Barry and Murray found 45% of eligible patients were not appropriately registered, 72% for partial sight registration and 28% for blindness registration [25] . Kelliher et al. examined underregistration in the Republic of Ireland and found that 21% of patients at an out-patients clinic were not appropriately registered [7] . While this is lower than estimates from the aforementioned studies, it nonetheless suggests that underregistration is a concern when using register data alone to estimate prevalence of blindness in the Republic of Ireland. If the underregistration of blindness in the Republic of Ireland was similar to the 28% found in the United Kingdom [25] the prevalence of blindness in the former would be expected to increase from 25,563 in 2010 to 32,721 in 2020.
The total financial cost of blindness is estimated to be €276.6 million in 2010 and is projected to rise to €370 million in 2020. Indirect costs are the largest contributors to the financial cost of blindness.
Direct costs account for just 1.96% of the financial cost of blindness. The authors acknowledge that the assumption that blindness accounts for just 1.7% of the total direct healthcare costs associated with visual impairment might be considered unusual. Blindness is however often irreversible and a deterioration in vision to that which provides for registration as blind may imply that available treatment options have been exhausted. Conversely, those with mild or moderate impairments of their vision may still have treatment options open to them to restore vision or to prevent further vision loss.
It has already been suggested that the direct costs of blindness reduce after only one year of blindness [26] .
Combined, indirect costs account for 98.04% of the financial cost of blindness. It is interesting to find that in 2010 one in every three blind individuals was of working age (18 to 64 years). This is the primary reason that the cost of lost productivity in 2010 was estimated at almost €58 million. Shamanna et al. estimate that only 20% of blind people were productive and only 25% were as productive as an "average" worker [27] . Thus, our estimations of indirect costs are conservative relative to other similar studies.
With an average cost of €11,650 per blind individual, the highest indirect cost is that of informal care. This highlights the crucial role that informal carers play in the lives of blind individuals and the burden of care such carers alleviate from the state.
Regarding the measurement of deadweight welfare loss, we are mindful of the uncertainties inherent in these calculations and acknowledge that assumptions made in such calculations may not pertain to the Republic of Ireland in 2015. Although the financial cost of blindness is projected to increase by 32.6% between 2010 and 2020 the average financial cost of blindness per patient is estimated to reduce from €21,288 in 2010 to €20,390 in 2020. This is due to two factors:
(1) The percentage of blind people increases at a rate greater than the total direct medical cost estimated. Therefore, although the direct medical cost due to blindness increases, this cost is shared among more blind individuals. (2) Although the total cost of productivity losses increases, it is estimated that the proportion increase in those who are blind and aged over 65 will be higher than those of working age , meaning that the average cost of productivity loss per capita will be lower in 2020.
The cost of providing social welfare and the blind pension have not been included in the above costs as these are transfer payments, not costs. Transfer payments occur where there is a payment from one economic entity to another with no good or service produced in return for payment. In economic terms this is not categorised as a real cost that is where a good or service is produced in return for payment. DAE estimated the average financial cost of vision loss to be €1,717 per annum in 2010 [3] . This is considerably lower than the average financial cost of blindness (€21,288) in this study. This paper estimates that blindness accounted for 71.66% of the total financial cost of visual impairment in the Republic of Ireland in 2010. This is a significant proportion considering that blind individuals represent just 5.78% of the visually impaired population.
The economic cost of blindness is the sum of the financial costs of blindness and the costs associated with the burden of blindness. The total economic cost of blindness in 2010 is estimated to be €809.2 million. This is anticipated to rise to over €1.1 billion annually. The highest percentage cost of the economic cost is the disease burden of blindness which accounted for 66.8% of the total cost in 2010. Figure 1(a) shows the rising annual financial and economic costs of blindness predicted in the Republic of Ireland. Figure 1(b) identifies the average financial and economic costs of blindness per blind individual between 2010 and 2020.
The average cost of sight loss in the Republic of Ireland is estimated to be €9,533 compared to €62,270 for the average cost of blindness in this study. This suggests that the cost of visual impairment rises when its severity increases. This is supported by a recent study in the Netherlands where it was estimated that the annual cost of vision loss in an individual was €2,752 when the individual was mildly visually impaired but €23,331 when the individual was blind [28] . Further, these findings support the notion that interventions to prevent those with mild and moderate visual impairment from becoming blind would reduce the cost of vision loss to society in the Republic of Ireland. In an Australian study, it was found that for every dollar spent on eye care and the reduction 
Conclusion
Our knowledge and understanding of the real number of blind people must be greatly improved if we are to be effective in planning and delivering services to the people living with sight loss in the Republic of Ireland. Blindness has a significant economic impact on those directly affected by it, those who care for those directly affected, and society as a whole. The financial cost of blindness in the Republic of Ireland is estimated to be €276.6 million in 2010 and is expected to increase by 32.6% by 2020. The current estimates and projections of economic burden have significant implications for ophthalmology service requirements and the organisations providing rehabilitation and support services in Ireland in the future. It is hoped that they will form part of a comprehensive planning process for this sector of the population into the future. The direct healthcare costs of blind individuals represent just 1.96% of the total cost of blindness. Unless the indirect effects of disabilities and the costs thereof, the requirements for informal care and losses in productivity, are acknowledged and incorporated into decision making at a government level, resources will not be allocated appropriately to disabilities like blindness which may directly incur relatively low costs but exert substantial impacts on quality of life.
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